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2383656 

XECHNICAT.Fnsrn 

This invention relates to computer memory technology. 

BACKGKOTTNn 

Hg-lsiowsanexainpleofapricffartmeizwrysysteinlO. In this example, 
system re5ddes on a computer motherboard or backplane 12. The system 
includes a plurality of female electrical connectors 13, which accept memory 
modules 14 (only one of which is shown here). Each memory module contains a 
plurality of memory devices 16, typically packaged as discrete integrated circuits 
(ICs). Memory devices 16 are .usually some type of read/write memory, such as 
RAMs, DRAMs, flash. SRAM, and many other types. ROM devices might also 
be used. Alternatively, discrete integrated circuits might be assembled into an 
intermediate level of packaging before being attached to the memory module. 

A memory controller 18 is located on motherboard 12. The memory 
controller connnumcates with memory modules 14 and memory devices 16 
through electrical connectors 13. Memory controller 18 also has an interface (not 
shown) that communicates with other components on the motherboard, allowing 
those components to read from and write to memory. 

Communications between * e stroller and the memory modules is by 
way of a set of signal lines 19, which is typically an electrical bus that extends 
from the controller, to each of the connectors in parallel, and to the modules. A 
bus such as this has a plurality of date lines corresponding to data bits of memory 
words. If a bus has sixteen data lines, the system expects memory modules that 
generate and accept sixteen parallel data bits. 
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It is also possible that other signal lines would be present These additional 
signal lines could have a different interconnection topology than what is shown for 
signal lines 19- 

* 

Hie system works with different numbers of memory modules, and with 
modules having different memory capacities. Also, the specific configuration of 
memory devices on each module can be varied: A system such as this is normally 
designed for a specific signal width: for a specified number of signal lines from 
the controller to the memory modules. 

Fig. 2 shows an alternative prior art memory system 30, utilizing point-to- 
point memory communications rather than a bussed communications structure. 
The system of Fig. 2 includes a motherboard or backplane 32 and a plurality of 
female electrical connectors 33 (only two such connectors are shown). Each 
connector 33 accepts a respective memory module 34. A memory controller 38 
supervises and provides communications with the memory modules. 

Rather than using bussed signal lines, the system of Fig. 2 includes an 
independent set of signal lines 36 corresponding to each connector 33. Each set of 
signal lines extends from memory controller 38 to one of the connectors. 

This type of signals line arrangement is referred to as a "pomt-to-point* 1 
configuration, and has several advantages over the bussed structure of Fig. 1, 
especially in high-speed systems: 

♦ Signal transmitters and receivers can be located at ends of 
transmission lines for optimum configuration of termination 
circuitry. 

• No driver handoff between devices is required, which in turn eases 
device driver output matching requirements, improves efficiency, 

2 
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and simplifies device simulation, characterization, and system-level validation. 

• Transmitter pre-emphasis equalization circuitry can be simplified, because 
inter-symbol interference needs to be compensated for only a single receive 
node. 

• In some cases, point-to-point interconnects are shorter than bussed 
interconnects, allowing reduced signal attenuation, reduced flight time, 
simplified delay matching, and fewer impedance discontinuities. 

• The memory controller can integrate clock control or calibration circuitry, 
providing opportunities for system level cost reduction. 

According to a first a first aspect of the present invention, a data interconnect system 
for use with one or more modules comprises: one or more connectors that fonn at least 
first, second, third, and fourth contact groups; first signal line set coupled to the second ^ - / 
contact group; a second signal line set coupled to the third contact group; the one or more Co ^ 
connectors being configured to receive modules in at least two configurations: (i)a first 
configuration in which a single received module is coupled to the second and third contact 
groups; (ii)a second configuration in which a first received module is coupled to the first 
and second contact groups and a second received module is coupled to the third and fourth 
contact groups. 

According to a second aspect of the invention, a signal interconnect system for use 
with one or more memory modules comprises: one or more connectors configured to 
receive one or more memory modules; at least two sets of signal lines extending to the one 
or more connectors for electrical communication with the one or more received memory 
modules; the sets of signal lines being alternatively configurable to (a) communicate 
collectively with a single received memory module or (b) communicate respectively with 
different received memory modules. 

Other advantageous features are defined in the dependent claims of this specification. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig- 1 is a diagrammatic representation of a prior art bussed memory 
system. 

Fig. 2 is a diagrammatic representation of a prior art point-to-point memory 
system 

Kg. 3 is a diagrammatic representation of a point-to-point memory system 
in accordance with an embodiment of the invention. 

Kg- 4 is a diagrammatic representation of titxe point-to-point memory 
system of Fig, 3, with memory modules omitted for clarity. 

Hgs. 5-7 are cross-sections illustrating an embodiment of a point-to-point 
memory system in accordance with the invention. 

Fig. 8 is a cross-section illustrating another embodiment of a point-to-point 
memory system in accordance with the invention. 
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Figs. 9-13 are diagrammatic fflnstntiau of yet another embodiment of a 
point-to-point memory system in accordance with the invention. 

Fig. 14 is a diagrammatic illustration of still another embodiment of a 
point-to-point memory system in accordance with the invention. 

Figs. 15 and 16 are diagrammatic representations of a point-to-point 
memory system in accordance with the invention, in which a single connector is 
used to accommodate a varying number of memory modules. 

Fig. 17 is diagrammatic representation of a memory module that can be 
programmed to use different numbers of its data connections. 

Fig. 18 is a block diagram showing pertinent components of the memory 
module shown in Fig. 17. 

Fig. 19 is a block diagram showing multiplexing and demultiplexing logic 
such as used in the memory module shown in Hg, 17. 

Fig. 20 is a table showing control input states to achieve specified data 
widths in the memory module shown in Fig. 17. 

BETA Tr im DESCRIPTION 

The following description sets forth specific embodiments of memory 
systems and components that incorporate elements recited in the appended claims. 
The embodiments are described with specificity in order to meet statutory 
requirements. However, the description itself is not intended to limit the scope of 
this patent Rather, the inventors have contemplated that fee claimed invention 
might also be embodied in other ways, to include different elements or 
combinations of storage elements similar to the ones described in this document, 
in conjunction with other present or future technologies. 
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ReconGgnrable Interconnect Topology 

Figs. 3 and 4 illustrate one embodiment of a signal interconnect system 40 
for use with one or more modules. Tins system utilizes point-to-point signaling in 
a way that permits Tnairimiim utilization of existing signal lines while 
accommodating varying numbers of memory modules. It is possible in a system 
such as this to utilize all individual sets of point-to-point signaling lines, even 
when less than all of the available memory sockets are occupied. 

Refecriag to Fig- 3, system 40 includes a computer motherboard or system 

backplane 41, upon which are mounted a memory controller 42 and a plurality of 
electrical receptacles or connectors 44 and 45. The connectors are memory 

module sockets, .and are configured to receive installable/temovable memory 

modules 46 and 47. 

Although this description is in the context of a memory system, it should be 

noted that the different embodiments are applicable as' well to other types of 

systems that transfer data to and from installable modules. Thus, in some 

embodiments, connectors 44 and 45 might receive logic modules other than 

memory modules. 

Each of memory modules 46 and 47 comprises a module backplane 50 and 
a plurality of integrated memory circuits* 52. Each memory module has first and 
second opposed rows of electrical contacts, along opposite surfaces of its 
backplane. Only one row of contacts 54 is visible in Fig. 3. There are 
corresponding rows of connector contacts (not visible in Fig. 3) in each of 
connectors 44 and 45. For purposes of the following discussion, the left-most 
contact rows in the orientation of Fig. 3 will be arbitrarily designated as the "first" 
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contact rows and the right-most contact rows will be designated as "second" 
contact rows. Similarly, the left-most connector 44 will be referred to as the 
"first 1 ' connector, and the right-most connector 45 will be referred to as the 
"second" connector. These designations are strictly for ease of description and are 
not intended to be limiting. 

A plurality of signal lines extend between- memory controller 42 and 
electrical connectors 44 and 45, for electrical communication with memory 
modules 46 and 47. More specifically, there are a plurality of sets of signal lines, 
each set extending to a corresponding, different one of connectors 44 and 45. A 
first set of signal lines 60 extends to first electrical connector 44, and a second set 
of signal lines 61 extends to second electrical connector 45. Furthermore, 
motherboard 41 has a third set of signal lines 62 that extend between the two 
connectors. 

In the embodiment shown, the illustrated signal lines comprise data lines— 
they cany data that has been read from or that is to be written to memory modules 
46 and 47. It is also possible mat other signal lines, such as address and control - 
lines, would couple to the memory modules through the connectors. These 
additional signal lines could have a different interconnection topology than what is 
shown for signal lines 60, 61, and 62. 

-The routing of the signal lines is more clearly visible in Hg. 4, in which 
memory modules 46 and 47 have been omitted for clarity. The illustrated physical 
routing is shown only as a conceptual aid— actual routing is likely to be more 
direct, through multiple layers of a printed circuit substrate. 

Fig. 5 shows the signal line configuration in more detail. This view shows 
cross-sections of connectors 44 and 45. Electrical conductors, traces, and/or 
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contacts are indicated symbolically in Fig. 5 by thick solid or dashed lines. Each 
of the three previously described sets of signal lines is represented by a single one 
of its conductors, which has been labeled with the reference numeral of the signal 
line set to which it belongs. It is to be understood that the respective lines of a 
particular set of signal lines are routed individually in the manner shown. 

As discussed above, each connector 44 and 45 has first and second opposed 
rows of contacts. Hg. 5 shows individual contacts 58 and 59 corresponding 
respectively to the two contact rows of each connector. It is to be understood that 
these, again, are representative of the remaining contacts of the respective contact 
rows. Similarly, following figures will show single module contacts 54 and 55 
corresponding to the first and second rows of module connectors. 

As is apparent in Fig. 5, the first set of signal lines 60 extends to first 
contact row 58 of first connector 44. The second set of signal lines 61 extends to 
the first contact row 58 of second connector 45. In addition, data third set of 
signal lines 62 extends between the second contact row 59 of first connector 44 
and second contact row 59 of second connector 45. The third set of signal lines 62 
is represented by a dashed hue, indicating that these lines are used only in certain 
configurations. Specifically, signal lines 62 are used only when a shorting module 
is inserted into connector 44 or 45. Such a shorting module, the use of which will 
be explained in more detail below, results in both sets of signal lines 60 and 61 
being connected for communications with a single memory module. 

This system can be configured in at least two ways; a first configuration 
that includes a single memory module in connector 44 and a shorting module in 
connector 45; and a second configuration that includes a different memory module 
in each of the two connectors 44 and 45. Fig. 6 illustrates the first configuration, 

* 
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which includes a' memory module 80 in the first connector 44 and a shorting 
module 82 in the second connector 45. The shorting module has shorting 
conductors 84, corresponding to opposing pairs of connector contacts, between the 
first and second rows of the second connector. Inserting shorting module 82 into 
connector 45 connects or couples the second set 61 of signal lines to me second 
contact row 58 of first connector 44 through the third set of signal fines 62. In this 
configuration, the two sets of signal lines 60 and 61 are used collectively to 
communicate between memory controller 42 and single memory module 80. 

A single integrated memory circuit 85 is shown in the memory module 80. 
There are two sets of connections 86 and 83 which couple two sets of pins of the 
integrated memory circuit to the signal lines 60 and 62, respectively. The 
integrated memory circuit is configured so that some of its stored information is 
accessed through the pins coupled to connection 86, and the rest of its stored 
information is accessed through the pins coupled to connection 83. The memory 
access operations through these two sets of integrated memory circuit pins may be 
performed simultaneously. Although only a single integrated memory circuit 85 is - 
shown on the memory unit 80, it is possible to attach two or more integrated 
memory circuits to the memory unit. In this case, each integrated memory circuit 
will couple to a distinct subset of connections 86, and to a distinct subset of 
connections 83. Each of connections 86 and 83 attaches to one pin of one of the 
integrated memory circuits present on the memory unit 85. 

Eg. 7 illustrates the second configuration, in which a different memory 
module is installed in each of the two connectors 44 and 45, and the two sets of 
signal lines 60 and 61 communicate respectively with the two different memory 
modules. In this configuration, the first set of signal fines 60 is used for 

f 
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communications with a first memory module 87, through the first rows of contacts 
54 and 58. Similarly, the second set of signal lines 61 communicates with a 
second memory module 88 through the first rows of contacts 54 and 58. The 
second rows of contacts 55 and 59 are unused in this configuration, as is the third 
set of signal lines 62. 

In Fig, 7, each memory module 87 and 88 has two sets of connections 86 
and 83 that couple two sets of pins of the integrated memory circuit 85 to the 
signal lines 60 and 62, respectively. However, each integrated memory circuit is 
configured so that all of its stored information is accessed through the pins 
coupled to connection, 86, and none of its stored information is accessed through 
the pins coupled to connection 83, 

This interconnection system permits the connectors 44 and 45 to 
accommodate a single type of memory module, which connects to both sets of 
contacts in the connector. Memory modules 87 and 88 may be plugged into either 
connector and the integrated memory circuits set to the appropriate access 
configuration. It is possible to vary number and storage density of integrated 
memory circuits on the memory modules over a specified range of values. 

In the described embodiment, a single type of memory module is used for 
either configuration- This type of memory module lias two sets of storage cells 
and is configurable in accordance with the two configurations mentioned above. 
In a first configuration, which uses only a single one of such memory modules, the 
single memory module is configured so that its first set of storage cells is accessed 
through connections 86 and its second set of storage cells is accessed through 
connections 83. In a second configuration, in which one of these memory module 
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is received in each of connectors 44 and 45, each memory module is configured so 
that both of its sets of storage cells are accessed through connections 86.. 

The configurability of the memory modules can be implemented either by 
logic in the memory devices of the modules or as logic that is implemented on 
each module apart from the memory devices. 

In the first- case, each memory device has two sets of package pins- 
corresponding to two sets of memory device storage cells. Each device has 
multiplexing logic that sets the internal configuration of the memory device to 
either (a) transfer information of the first set of storage cells through the first set of 
package pins and transfer information of the second set of storage cells through ■- 
the second set of package pins, or (b) transfer information of the first and second 
sets of storage cells through only the first set of package pins, leaving the second 
set of package pins unused, The first and second sets of package pins are in turn 
coupled to module connections 86 and 83. 

In the second case, where the configurability is implemented as additional 
logic on the module, similar multiplexing logic is implemented on the module, 
apart from the devices. 

Further details regarding the configurability of the memory module are set 
forth in the following sections. 

Preferably, the access configurations of the memory modules are 
controllable and programmable by memory controller 41 In addition, the memory 
controller has logic that is able to detect which connectors have installed memory 
modules, and to set their configurations accordingly. This" provides perhaps the 
highest degree of flexibility, allowing either one or two memory module to be 
used in a system without requiring manual configuration steps. If one module is 

10 
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used, it is configured to use two signal line sets for the best possible performance. 
If two memory modules are present, they are each configured to use one signal 
line set. 

The integrated memory circuit can be configured for the appropriate access 
mode using control pins. These control pins might be part of the signal line sets 60 
and'62, or they might be part of a different set of signal lines. These control pins 
might be dedicated to this configuration function, or they might be shared with 
other functions. 

Alternatively, the integrated memory circuit might be configured by loading 
an internal control register with an appropriate programming value. Also, the 
integrated memory circuit might utilize programmable fuses to specify the 
configuration mode. Integrated memory circuit configurability might also 
implemented, for example, by the use of jumpers on the memory modules. Note 
that the memory capacity of a module remains the same regardless of how it is 
configured However, when it is accessed through one signal line set it requires a 
greater memory addressing range than when it is accessed through two signal line 
sets. 

As described, each integrated memory circuit is configurable and includes 
contacts corresponding to both rows of connector contacts. Although less' 
desirable, it is also possible to use different arrangements of fixed-configuration 
memory modules— memory modules that are useable only in one configuration or 
the other: For example, a system might be populated with a type of memory 
module that is accessible through only one of its two rows of contacts. In the 
scenario where only one such module is used, the second set of data lines 61 is 
unused. Alternatively, a memory module might have a fixed configuration that 
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uses both rows of its connector contacts. In the system shown in Rgs. 3-7, only 

one such module could be fully u tilized at any given time 

Also note that the two configurations shown in Hgs 6 and 7 could also be 
implemented with a shorting connector instead of a shorting module. A shorting 
connector shorts its opposing contacts when no module is inserted (the same result 
as when the connector 45 in Kg 6 has a shorting module inserted). A shorting 
connector with a memory module inserted is functionally identical to the 
connector 45 in Hg 7. A shorting connector eliminates the need for a shorting 
module. 

Hg. 8 shows a variation of this memory layout, in which connector 45 is 
bypassed with switches or transistors rather fh?r> a shorting module. In this 
embodiment, signal line set 60 extends directly to the first contact row 58 of 
connector 44. However, second signal line set 61 extends to two switches 90 and 
91. These switches, which are preferably MOSFET transistors, control whether 
second signal line set 61 is connected to the second contact row 59 of connector 
44 or to one of the contact rows of connector 45. If switch 90 is activated; 'the 
second signal line set 61 is connected to connector 44. If switch 91 is activated, 
the second signal line set 61 is connected to connector 45. The signal line set 
connected to contact row 59 of connector 45 of Kg 8 is not used in this example. 
The embodiments which follow can also be modified for use with such switch or 
transistor bypasses rather than physical shorting modules. 

Although the embodiments described above uses only two memory 
connectors, the general signal line scheme can be generalized for use with n 
connectors and memory modules. Generally staled, a system such as this uses a 
plurality of signal line sets, each extending to a respective module connector. At 
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least one of these sets is configurable or bypassable to extend to a connector other 
than its own respective connector. Stated alternatively, there are 1 through n sets 
of signal lines that extend respectively to corresponding connectors 1 through n. 
Sets 1 through n-1 of the signal lines are configurable to extend respectively to 
additional ones of the connectors other than their corresponding connectors* 

Figs. 9-12 illustrate this 'generalization, in a situation where n = 4. 
Specifically, this configuration includes a memory controller 100 and four 
memory slots or connectors 101, 102, 103, and 104. Four signal line sets are also 
shown: 111, 112, 113, and 114. Each signal line set is shown as a single line, and 
is shown as a dashed line when it extends beneath one of the connectors without 
connection- Actual connections of the signal line sets to the connectors are shown 
as solid dots. Inserted memory modules are shown as diagonally hatched 
rectangles, with solid dots indicating signal connections. Note that each inserted 
memory module can connect to up to four signal line sets* The number of signal 
line sets to which it actually connects depends upon the connector into which it is 
inserted The connectors are identical components, but appear different to the 
memory modules because of the routing pattern of the four signal line sets on the 
motherboard. 

Generally, each signal line set 111-114 extends respectively to a 
corresponding connector 101-104. Furthermore, signal lines sets 112, 113, and 
114 are extendable to connectors other than their corresponding connectors: signal 
line set 112 is extendable to connector 101; signal line set 113 is extendable to 
both connectors 101 and 102; signal line set 114 is extendable to connector 101. 

More specifically, a first signal line set 111 extends directly to a first 
memory connector 101, without connection to any of the other connectors. It 
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connects to corresponding contacts of tbe first contact row of connector 101. A 
second signal line set 112 extends directly to a second memory connector 102, 
where it connects to corresponding contacts of the first contact row. The 
corresponding contacts of tbe second contact row are connected to corresponding 
contacts of die first contact row of first connector 101, allowing the second signal 
line set to bypass second connector 102 when a shorting module is placed in 
connector 102. 

A third signal hne set 113 extends directly to a third memory connector 
103, where it connects to corresponding contacts of the first contact row. The 
corresponding contacts of the second contact row are connected to corresponding 
contacts of the first contact row of connector 102. The corresponding second 
contact row contacts of connector 102 are connected to the corresponding contacts 
of me first contact row of connector 101. 

A fourth signal line set 113 extends directly to a fourth memory connector 
104, where it connects to corresponding contacts of thedSrst contact row of 
connector 104. The corresponding contacts of the second contact row are 
connected to corresponding contacts of the first contact row of first connector 101. 

This configuration, with appropriate use of shorting or bypass modules, 
accommodates either one, two, three, or four memory modules. Each memory 
module permits simultaneous access throngh one, two, or four of its four available 
signal line sets. In .a first configuration shown by Fig. 9. a single memory module 
is inserted in first connecter 101. This memory module is configured to permit 
simultaneous accesses on all of its four signal hne sets, which correspond to all 
four signal line sets 111-114. Connectors 102, 103, and 104 are shorted by ' 
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inserted shorting modules as shown so that signal line sets 112, 113, and 114 
extend to connector 101. 

In a second configuration shown by Rg, 10, connectors 103 and 104 are 
shorted by inserting shorting modules. Thus, signal line sets 111 and 114 extend 
to connector 101 and the inserted memory module is configured to permit 
s imultane ous accesses on these two signal line sets. Signal line sets 112 and 113 
extend to connector 102 and the inserted memory module is configured to permit 
simultaneous accesses on these two signal line sets* 

In a third configuration, shown by Fig. 11, connector 104 is shorted by 
inserting a shorting , module, and memory modules are positioned in connectors 
101, 102, and 103. Signal line sets 111 and 114 extend to connector 101 and the 
inserted memory module is configured to pennit simultaneous accesses on these 
two signal line sets. Signal line set 112 extends to connector 102 and the inserted 
memory module is configured to permit accesses on this signal line set Signal 
line set 113 extends to connector 103 and the inserted memory module is 
configured to permit accesses on this signal line set 

Fig. 12 shows a fourth configuration, with a memory module in each of the 
four available memory connectors: Each module is connected to use a respective 
one of the four signal line sets, with no shorting modules in use. 

Fig 13 shows how an interconnection system such as illustrated in Figs. 9- 
12 might be implemented using the opposable contact connectors from the two- 
connector system of Rg. 5. The view in Hg. 13 is from the top looking down onto 
the four connectors of the interconnect system (the view in Fig. 5 is from the side). 

The system of Fig. 13 includes four connectors 140, 141 f 142, and 143. 
Each of these connectors has two pairs of opposed contact sets: a first pair 146 and 
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a second pair 147. Pair 146 comprises, a firstset of contacts 150 and a second, 
opposed set of contacts 151. Pair 147 comprises a first set of contacts 152 and a 
second, opposed set of contacts 153. 

Four signal line sets 160, 161, 162, and 163 extend from the memory 
controller (not shown). A first set 160 of these signal line sets connects directly to 
contact set 150 of connector 142. A second set 161 of these signal line sets 
connects directly to contact set 151 of connector 143. There is another signal line 
set, referenced by numeral 164, that extends between contact set 151 of connector 
142 and contact set 150 of connector 143. Thus, signal line sets 160, 161, and 164 
are connected to connectors 142 and 143 in a manner that is equivalent to the two " 
connector system of Kg. 5. 

The remaining signal line sets are connected as follows. Signal line set 162 
extends from the memory controller and connects to contact set 152 of connector 
141. Signal Hne set 163 extends from the memory controller and connects to 
contact set 152 of connector 140. An additional signal line set 165 extends 
between contact set 153 of connector 140 and contact set 153 of connector 143. A 
signal line set 166 extends between contact set 153 of connector 141 and contact 
set 152 of connector 142. A signal line set 167 extends between contact set 153 of 
connector 142 and contact set 152 of connector 143. 

Memory modules are inserted into the four connectors, starting first with 
connector 143, then 142, 141, and finally 140. Shorting modules are inserted into 
unused connectors. 

This interconnect system permits more upgrades than the two connector 
system of Rg. 5, but at the cost of more connector crossings. When there is only 
one memory module in connector 143, one set of signals must pass from signal 
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line set 162, through shorted contacts 152 and 153 of connector 141 and then 
through shorted contacts 152 and 153 of connector 142 before reaching contact set 
150 of connector 143. 

This worst routing case could be eliminated if it were not necessary for the 
module in connector 142 to drive two signal line sets. This case is important when 
two memory modules are inserted (one in connector 142 and another in connector 
143) and each drive two signal line sets in a balanced fashion. If it were not 
necessary to balance the memory modules, the worst routing case could be 
eliminated by connecting signal line set 166 directly to contact set 152 of 
connector 143 (bypassing connector 142) so no signal passes through more than 
one shorting module. 

Alternatively, switches could be used instead of shorting modules as in Fig. 
8. This would ensure that no signal passes through more than one switch element 
The above examples can be further generalized by noting that each 
connector position can comprise a plurality of connectors, arranged in parallel. 
Hg. 14 shows a parallel configuration 120, in which the previously described four 
connectors have been duplicated and arranged in parallel- The two sets of four 
connectors are connected using a splitting element 121. The splitting element 
could consist of a passive power splitting element (three resistors per signal in a 
delta or wye configuration) that keeps the impedances matched in fee three 
branches of each signal line. Alternatively, some form of bi-directional buffer 
could be used. This form of parallel expansion could also be applied to the two- 
connector interconnect system of Hg. 5. Other possible methods of implementing 
the splitting element include simple wire-stubbing and using some kind of 
transistor switch element. 

.if 
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The samples above illustrate the concept of using a plurality of signal Hue 
sets -for different numbers of memory modules. Although the examples thus far 
assume the utilization of different numbers of connectors to accommodate the 
different numbers of memory modules, there are other examples in which differing 
numbers of memory modules might be used with a constant number of memory 
connectors. 

Hgs. 15 and 16 show such an example, in which a single memory 
connector can be used with either one or two memory modules. The memory 
system of Figs. 15 and 16 includes a memory controller 200 and at least a single 
connector 202. The connector has opposed linear rows of module contacts 
extending between its outer ends. The contacts of connector 202 are collected into 
groups, labeled in Hgs. 15 and 16 by reference numerals 222, 223, 224, 225, and 
226. 

Connector 202 could be replaced by corresponding separate, smaller 
connectors, one for each of the contact groups, or by some intermediate 
alternative. These alternate connector implementations would provide the same " : 
benefits as the connector 202 shown in Hgs 15 and 16. 

At least two sets of signal lines extend from controller 200 to connector 
202: a first data signal line set 204 and a second data signal line set 205. In 
addition, a set of control signal lines 206 extends between controller 200 and 
coanector 202. 

The terms -data" and "control" are used to refer to two classes of signal 
lines. The "data" signal lines are considered more critical, usually because they 
are operated at a higher signaling rate and because they are bidirectional. The 
"control" signal lines are considered less critical, usually because they are 
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operated at a lower signaling rate and because they are unidirectional. The actual 
signals grouped into these two chases are not limited to the traditional data and 
control signals, respectively For example, the "data" signals might include write 
enable signals or strobe signals, which traditionally would be regarded as control 
signals, not data. However, because they would operate at the same signaling rate 
as the data signals, they would be grouped into the "data" signal class. 

The connector is configured to receive memory modules that have two or 
more connection tabs. In the example of Hgs. 15 and 16, a memory module 210 
has three connection tabs 212, 213, and 214. Connection tabs 212 and 214 are 
toward outer ends of the memory module, and connection tab 213 is between tabs 
212 and 214. The connection tabs are formed by the substrate of the memory 
module, and have contacts on two opposing surfaces for mating with 
corresponding contacts in connector 202. 

As noted, the contacts of connector 202 are divided into five different 
groups. Three of these groups are centrally located in the connector and 
correspond to three central receptacles 222, 223, and 224 that are positioned and 
sized to receive the connection tabs 212, 213, and 214 of a single memory module 
210. The remaining two contact groups correspond to two outward receptacles 
225 and 226, which are located adjacent to and outwardly from receptacles 212 
* and 214. 

Hist signal line set 204 extends to the contacts of receptacle 222, and 
second signal line set 205 extends to the contacts of receptacle 224. The signal 
line set 206 extends in parallel to the contacts of receptacles 223, 225, and 222. 
The individual si gnals of signal line set 206 are split in a one-to-three fashion 
The splitting of the signal line set 206 could be accomplished with splitting 
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elements like those described in connection with Fig 14. Alternatively, the 
controller 200 could drive three copies of the information of the signal line set 
206. 

The system is configured to receive memory modules in two 
configurations. Fig. 15 shows a first configuration in which both of the two sets of 
signal lines 204 and 205 communicate collectively with a single received memory 
module. The memory module is received centrally in connector 202, with tabs 
212, 213, and 214 mating with receptacles 222, 223, and 224, respectively. In this 
configuration, the memory module is configured to permit simultaneous access on 
both signal lines sets 204 and 205. The memory module 210 communicates with 
controller 200 using both of the two available sets of signal fines 204 and 205. 

Fig. 16 shows a second configuration, in which the two sets of signal lines 
204 and 205 communicate respectively with different memory modules. In tins 
configuration, connector 202 receives two memory modules 230 and 231. First 
memory module 230 is positioned toward one end of connector 202, its tabs 213 
and 214 muting respectively with receptacles 221 and 222. Tab 212 of memory 
module 230 is unused, but can optionally be received by an outermost connector 
receptacle whose contacts are unused. 

Second memory module 231 is positioned toward the other end of 
connector 202, its tabs 212 and 213 mating respectively with receptacles 224 and 
226. Tab 214 of memory module 231 is unused, but again is optionally received 
by an outermost connector receptacle 235 whose contacts are unused. 

Similar to the previous embodiments, this embodiment utilizes integrated 
memory circuits that are capable of being accessed with one or two signal line sets 
depending on how many modules are used. In the configuration involving only a 
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single module, all signal line sets are used to communicate with the single module. 
In the configuration involving two modules, each signal line set is used for 
accessing a different memory module. 

Memory Modules 

Fig. 17 shows an example of a memory module 300 that can be used in 
conjunction with the system described above. The memory module is 
configurable to transfer its information using different numbers of its data 
connections. In the described example, there are four possible configurations. As 
used in circuit described above, however, each module will be configured in one 
of two ways: (a) to use its full set of available data connections, or (b) to use only 
a limited subset (half in the described example) of its data connections. 

In the following discussion, the modules' alternative configurations are ' 
referred to as having or using different data "widths". However, it should be noted 
that the capacities of the memory modules do not change with the different data 
widths, at least in the described embodiment Rather, a module's full set of data is 
available regardless of the data path width being used. With wider data widths, 
different subsets of memory cells are accessed through different sets of data 
connections. With narrower data widths, the different subsets of memory cells are 
accessed through" a common set of data connections. At such narrower data 
widths, larger addressing ranges are used to access the fall set of data. 

Memory module 300 has individual memory devices 337 that receive and 
transmit data bit signals through contacts 340. In the described embodiment, the 
memory devices are discretely packaged DRAM ICs (integrated circuits), although 
the memory devices might be any of a number of other types, including but not 
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limited to SRAM, FRAM (Ferroelectric RAM), MRAM (Magnetoresistiye or 
Magnetic RAM), Flash, or ROM. 

Memory system 330 has state storage 338 that is repeatedly programmable 
or changeable to indicate different data widths. The programmed state is used 
within memory devices 337, which set their device data path width accordingly. 
In Fig. 17, a state storage component 338 is fabricated within each of memory 
devices 337. However, the state storage can alternatively be located in a n umb er 
of different physical locations. For example, the stage storage might be a register 
within a memory controller, on a system motherboard, or on each module 334. 

Various types of state storage are possible. In the described enibodiment, 
the state storage takes the form of a width selection register or latch. This type of 
state can be easily changed via software during system operation, allowing a high 
degree of flexibility, and making configuration operations that are transparent to 
the end user. However, other types of state storage are possible, including but not 
limited to manual jumper or switch settings and module presence detection or type 
detection mech a n is m s. The latter class of mechanisms may employ pull-up or .. 
puH-dbwn resistor networks tied to a particular logic level (high or low) which 
may change state when a module is added or removed from the system. 

There are many possible ways to implement a width selection register.' 
Commonly, a register is defined as a state storage element which receives a data 
input and one or more control inputs. The control inputs determine when the 
storage node within the register will sample the data input. Some time after the 
register has sampled the input data, that data will appear on the output of the 
register. 
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The term register may apply either to a single-bit- wide register or multi-bit- 
wide register. In general, the number of bits in the width selection register is a 
function of the number of possible widths supported by the memory device, 
although there are many possible ways to encode this information 

Memory Devices 

Fig, 18 diagrammaticaily illustrates relevant components of memory device 
337 far a case where device width state storage 338 is located on the memory 
device 337. 

Memory device 337 has control logic 358 that decodes request and address 
information, controls memory transfers between the storage array and the device 
data connections 356, and optionally performs other tasks. Other such tasks might 
include handling or controlling register accesses, refresh operations, calibration 
operations, power management operations, or other functions. 

Memory device 337 also has state storage 338, which in this embodiment 
comprises two programmable memory cells, latches, or other mechanisms for 
storing state information- Within the two cells, two bits are stored. The two bits 
can represent four different values, through different combinations of bit values 
(Ex: 00 = xl, 01 = x2, 10 = x4, 11 = x8). The different stored values correspond 
to different programmed device widths. For this embodiment, state register 338 is 
implemented within device control logic 358, although it could potentially be 
implemented anywhere within device 337. 

Stale register 338 can be repeatedly programmed and changed during 
operation of die memory device to indicate different data path widths. Changing 
the value or values of the state register changes the data path width of the memory 
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device, even after the memory device has already been used for a particular width. 
In general, there is no need to power-down or reset the device when switching 
between different data path widths, although this may be required doe to other 



factors. 



The state register in this example is programmable by a memory controller 
(not shown), through a request/command interface (not shown). Many types of 
memory use a- request/command interface to issue read or write cycles, perform 
device initianzation, perform control register reads or writes, or issue other 
commands such as array refresh, I/O calibration, or power management 
commands. For the embodiment of Eg. 18, a special register programming 
command is issued across the request/command interface to set the desired width 
of the data path. Other embodiments might use dedicated signals or pins to 
communicate tbis information to the memory device. 

Memory device 337 further comprises an array of storage cells, collectively 
referred to as the memory array 359. The memory array stores or retrieves data 
information associated with a particular address provided as part of a write or read * 
commancL The memory device 337 has a maximum device data path width 
equivalent to the number of data pins provided on the memory device's package; 
The memory array 359 has a maximum array access width defined as the largest 
number of bits which can he accessed in a single array transfer operation. Using 
the techniques described herein, the memory device 337 may be programmed to 
operate at data path widths and array access widths other than these maximum 



values. 
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In the embodiment of Kg. 3A, a serialization ratio is defined as follows: 

R s = W A : W DP 
Where: 

R s = Serialization Ratio 

W A = Programmed Array Access Width 

W D p ^Programmed Device Data Path Width 

"For example, if the array access width W A is 128-bits and the data path width W DP 
is 16-bits, the serialization ratio is 8:1. For the described embodiment, the 
serialization ratio remains constant for all programmed data path widths, so that 
the programmed array access width scales proportionally with programmed data 
path width. In other embo dim ents, the serialization ratio could vary as the 
programmed data path width varies. - 

Still referring to the embodiment of Fig. 18, the memory array 359 is 
subdivided into a number of subsections 350. The memory array 359 is connected 
to a routing data path 354 by the array access data wires 362. When the data path 
width and anay access width are set to their maximum values as defined above, 
some number of array subsections 350 will be accessed in parallel. As the 
programmed array access width is reduced from its maximum value, some number 
of the amy access data wires will not be used for the target transaction. 

There are many possible ways to select the set of active anray access data 
wires 362 far a particular target transaction. In general, an interleaving scheme is 
chosen so that die full memory anay 359 can be accessed regardless of the 
programmed array ncct&s width. Accesses will generally be interleaved based 
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upon the address of the target transaction. Interleaving of the array access data 
wires can be achieved via either fine-grain (wire or bit-line) or coarse-grain (array 
subsection) interleaving or any combination of the two. Other interleaving 
schemes are also possible. 

The memory device has a plurality of data connections 356, referred to 
herein as device data connections. These connections are typically package pins 
or contacts mat are in turn connected to connectors 340 of module 300 (Fig. 17) 
via the module's circuit board The device data connections are typically coupled 
to the device die via bond wires or solder bumps (flip chip) between the package 
substrate and the die. 

Memory device 337 also comprises routing decode and control logic 353 
and routing data path 54. Routing decode and control logic 353 controls how data 
is routed between the device data connections 356 and the memory array 359, 
while the routing data path 354 performs the actual data routing. The more 
complete description of the function of routing decode and control logic 353 is 
given below. 

The routing data path 354 provides flexibility in the way that data is routed 
between the device data connections 356 and the memory array 359. The routing 
data path 354 may optionally perform serialization and deserialization functions 
depending upon the desired serialization ratio as defined above. As the array 
access width is reduced from its maximum value, array access granula ri ty 
(measured in quanta of data) is commensurately reduced, and an access 
interleaving scheme is generally employed to ensure that all storage locations 
within the memory array 359 can be accessed The array access data wires 362 - 
will be subdivided into several target subsets. The address of the transaction will 
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determine which target subset of the data wires will be utilized far the data transfer 
portion of the transaction. As the device data path width varies, the data path 
interleaving and routing scheme will vary accordingly. 

Routing decode and control logic 353 receives width selection information 
351 based upon die desired device data path width. The source of the width 
selection information 351 will vary depending upon whether internal 'or external 
(with respect to the device) state storage is used If the storage register is external 
to the memory device, the width selection information 351 is communicated to the 
memory device via electrical signals propagated through module and/or memory 
device connectors. These electrical signals are then propagated through the 
memory device package and input circuitry to routing decode and control logic 
353* If the storage register 338 is located on the memory device 300, the width 
selection information 351 is directly provided to the routing decode and control 
logic 353, typically via metal wiling. 

The routing decode and control logic 353 receives the width selection 
information 351 and address information 352 and decodes it to determine the 
, appropriate routing for the data between the device data connections 356 and 
memory array subsections 350 through the routing data path 354. Routing control 
wires 355 enable the appropriate path through the routing data path 354. For the- 
described embodiment, the routing data- path is implemented with multiple d^ta 
path slices 360, which are regularly repeated to match the number of device data 
connections 356 provided by the device. 

Kg, 19 shows a specific implementation of a multiplexer/demultiplexer that 
can form file routing data path 354. For this embodiment, the serialization ratio is — 
1:1. Serialization ratios greater than 1 : 1 are possible with the addition of serial-to- 
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parallel (write) and parallel-to-serial (read) conversion circuits. In tins example, 
there are four memory array subsections 350 which interface to each data path 
slice 360, each slice supporting four pairs of read and write data bits. 

Generally, the routing data path 354 contains multiplexing logic and 
demultiplexing logic. Hie multiplexing logic is used during read operations, and 
the demultiplexing logic is used during write operations. The multiplexing logic 
and demultiplexing logic for each data path slice are designed to allow one, two, 
or four device data connections 356 to be routed to the four memory array 
subsections 350 which interface to a particular data path slice. 

In the one-bit wide configuration, device data connection 0 can be routed 
to/firom any of the four memory array subsections 350. In the 2-bit wide 
configuration, device data connections 0 and 1 can be routed to/from memory 
array subsection 0 and 1 or 2 and 3, respectively. In the 4-bit wide configuration, 
device data connections 0, 1, 2, and 3 route straight through to/from memory array 
subsections 0, 1, 2, and 3, respectively. 

Multiple data path slices 360 may be used to construct devices with greater 
than four device data connections 356. For example, a device having 16 device 
data connections 356 could use four such data path slices while supporting 3 
different programmable widths; namely, 16, 8, or 4-bits wide. The preferred 
embodiment of Fig. 19 shows the utilization of two such data path slices. 

Shown in Fig. 19 axe the four array subsections 350 associated with one of 
data path slices 360. Each subsection has an input latch 370 and an output latch 
372. The routing data path also has an input latch 374 and an output latch 376 for 
each device data connection. The routing data path further comprises five ~ 
multiplexers 380, 381. Multiplexers 380 are two-input multiplexers controlled by 
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a single control input Multiplexer 381 is a four input multiplexer controlled by 
two control inputs. 

The routing logic of fig. 19 is configured to use two write control signals 
W A and W B , and two read control signals R A and R B . These signals control 
multiplexers 380, 381. They are based on the selected data path width and bits of 
the requested memory address or transfer phase (see Fig. 20, described below). 
Routing decode and control logic 353 (Fig. 18) produces these signals in response 
to the programmed data width, whether the operation is a read or write operation, 
and appropriate addressing information 352. 

Hg. 20 shows the control values Used for data path slice widtihs of one, two, 
and four. fig. 20 also indicates which of device data connections 356 are used 
for each data width. 

When a width of one is selected during a read operation, the circuit allows 
data from any one of the four associated memory array subsections to be presented 
at device data connection 0. Control inputs R A and R B determine which of data bit 
signals will be presented at any given time. R A and R B are set (at tins data width) 
to equal the least significant two bits (A x , A«) of hie memory address 
corresponding to the current read operation. 

When a width of one is selected during a write operation, the circuit accepts 
the data bit signal from device data connection 0 and routes it to all of me four 
memory anay subsections simultaneously. Control inputs W A and W B are both set 
to a logical value of one to produce this routing. Other control circuits 358 (Fig. 
18) control which of the anay subsection input latches 370 are active during any 
single write operation, so that each data bit signal is latched into the appropriate ~ 
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array subsection. Only one of the latches corresponding to the memory array 
subsections is operated during any given memory cycle. 

When a width of two is selected during a read operation, the circuit allows 
any two of the four data bit signals associated with the memory array subsections 
to be present at device data connections 0 and h To obtain this result, R A is set to 
0, and is equal to the lower bit (A<>) of the memory address corresponding to 
the current read operation. Rb determines which of two pairs of data bit signals (0 
and 1 or 2 and 3) are presented at device data connections 0 and 1 during any 
given read operation. 

When a width of two is selected during a write operation, the circuit accepts 
the data bit signals from device data connections 0 and 1, and routes them either to 
array subsections 0 and 1 , or to array subsections 2 and 3. W A and W B are set to 0 
and 1, respectively, to obtain this result. Other control circuits 358 (Rg. 18) 
control which pair of fiie array subsection input latches 370 are active during any 
single write operation, so that each pair of data bit si gnals is latched into the 
appropriate pair of array subsections. 

When a width of four is selected by setting all of the control inputs (R A , Rb, 
W A , and W B ) to 0, read and write- data signals are passed directly between array 
subsections and corresponding device data connections. 

The circuit of Rg, 19 is just one example out of many possible designs. At 
the expense of increased logic and wiring complexity, it is possible to use a more 
elaborate crossbar-type scheme thai could potentially route any single data bit 
signal to any array subsection or to any of the device data connections. Also, note 
that there are many possible alternatives for the number and width of array ~ 
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subsections, number of device data connections per device, s erializati on ratios, 
and width of data path slices. 

Conclusion 

The embodiments described above provide increased flexibility in point-to- 
point memory systems. Specifically, the systems allow for a plurality of memory 
slots or positions, while in many cases utilizing the fullest possible signal width 
given the available number of signal lines. In a fully pop ulated system, for 
example, a single, different signal line set will be used for each memory module. 
When fewer memory modules are present, however, accesses will utilize more 
man one signal line set on some memory modules to utilize the full number of 
available signal line sets. 

Although details of specific implementations and embodiments are 
described above, such details are intended to satisfy statutory disclosure 
obligations rather than to limit the scope of the following claims. Thus, the 
invention as defined by the claims is not limited to the specific features described 
above. Rather, the invention is claimed in any of its forms or modifications that 
fall within the proper scope of the appended claims, appropriately interpreted in 
accordance with the doctrine of equivalents. 
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Claims 

1. A data interconnect system for use with one or more modules, the data 
interconnect system comprising: 

one or more connectors that form at least first, second, third, and fourth contact 

groups; 

a first signal line set coupled to the second contact group; 
a second signal line set coupled to the third contact group; 
the one or more connectors being configured to receive modules in at least two 
configurations: 

a first configuration in which a single received module is coupled to the second 
and third contact groups; 

a second configuration in which a first received module is coupled to the first and 
second contact groups and a second received module is coupled to the third and 
fourth contact groups. 

2. A signal interconnect system as recited in claim 1, wherein the second and third 
contact groups are between the first and fourth contact groups. 

3. A signal interconnect system as recited in claim 1 or 2, further comprising; 
a third signal line set that is coupled to the first and fourth contact groups. 

4. A signal interconnect system as recited in any one of claims 1 to 3, wherein the 
one or more connectors are configured to receive memory modules comprising one or more 
memory devices. 

5- A signal interconnect system as recited in any one of claims 1 to 4, wherein the 
one or more connectors are configured to receive logic modules comprising one or more 
logic devices. 
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6. A signal interconnect system as recited in any one of claims 1 to 5, wherein: 

the single received module transfers information through the first and second 
signal line sets in the first configuration; and 

the first module transfers information through only the first signal line set in the 
second configuration. 

7. A signal interconnect system as recited in any one of claims 1 to 6, further 
comprising: 

a memory controller thai communicates with the single received module through 
the first and second signal line sets in the first configuration and with the first and second 

modules through the first and second signal line sets in the second configuration. 

> 

8. A signal interconnect system as recited in any one of claims 1 to 6, further 
comprising: 

a memory controller that that is responsive to whether there are one or two 
received modules to communicate with either the single received module through the first 
and second signal line sets or with the first and second modules through the first and 
second signal line sets. 

9. A signal interconnect system as recited in any one of claims 1 to 5, further 
comprising: 

a received module that is alternatively configurable to (a) transfer information 
through the first and second signal line sets, or (b) transfer information through only the 
first signal line set. 

10. A signal interconnect system as recited in any one of claims 1 to 5, further 
comprising: 

- a received module that is responsive to one or more signals received through the 
one or more connectors to (a) transfer information through the first and second signal line 
sets, or (b) transfer information through only the first signal line set. 
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11. A signal interconnect system as recited in any one of claims 1 to 5, further 
comprising; 

a received module comprising a memory device; 

wherein the memory device is programmable to (a) transfer information through 
the first and second signal line sets, or (b) transfer information through only the first signal 
line set 

12. A signal interconnect system as recited in any one of claims 1 to 5, further 
comprising: 

a received module comprising a memory device; 

wherein the memory device is responsive to one or more signals to (a) transfer 
information through the first and second signal line sets, or (b) transfer information through 
only the first signal line set 

13. A signal interconnect system for use with one or more memory modules, the 
signal interconnect system comprising: 

one or more connectors configured to receive one or more memory modules; 

at least two sets of signal lines extending to the one or more connectors for 
electrical communication with the one or more received memory modules; 

the sets of signal lines being alternatively configurable to (a) communicate, 
collectively with a single received memory module or (b) communicate respectively with 
different received memory modules. 

14. A signal interconnect system as recited in claim 13, wherein each connector is 
configured to receive a single memory module. 

15. A signal interconnect system as recited in claim 13, wherein at least a particular 
one of the connectors is configured to receive either said single received memory module 
or said different received memory modules. 

16. A signal interconnect system as recited in any one of claims 13 to 15, wherein 
each set of signal lines extends to a different one of the connectors. 
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17. A signal interconnect system as recited in any one of claims 13 to 15, wherein 
each set of signal lines extends to the same connector* 

18. A signal interconnect system as recited in any one of claims 1 3 to 1 7, wherein: 
the connectors include first and second connectors; 

a first of the sets of signal lines extends to the first connector, 

a second of the sets of signal lines extends to the second connector; 

a third of the sets of signal lines extends between the first and second connectors. 

1 9, A signal interconnect system as recited in any one of claims 1 3 to 1 7, wherein: 
the connectors include first and second connectors; 

a first of the sets of signal lines extends to the first connector; 
a second of the sets of signal lines extends to the second connector; 
the second connector is shortable to connect the second set of signal lines to the 
first connector. 

20, A signal interconnect system as recited in any one of claims 13 to 17, wherein: 
the connectors include first and second connectors; 

a first of the sets of signal lines extends to the first connector; 
a second of the sets of signal lines is switchable to extend either to the first 
connector or to the second connector. 
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